Abstract. The paper deals with the problem of simultaneously assignment of server's allocation, channel capacities and flow routes in the wide area network in order to minimize the criterion composed of the leasing capacity cost and the building cost of the network. An exact algorithm, based on the branch and bound method, is proposed to solve the problem. Some interesting features, observed during the computational experiments are reported.
Introduction
The optimization problems, considered always when the wide area network must be built or modernized, consist in assignment of resource allocation (i.e. servers, replicas of servers), capacities of channels and flow routes. The optimal arrangement of resources and optimal choice of capacities and flow routes let us obtain the most efficient and economical solution. Designing of the wide area computer networks is always a compromise between the quality of service in the network [1] and the costs needed to build and to support the network. Then those two criterions are often used during the designing process, usually one of them is the optimizing criterion and the other is considered as constraint. In our previous papers [2, 3, 4] we have considered two-criteria and three-criteria problems based on designing the wide area networks, assuming that the maximal support cost of the network is bounded. Sometimes it is useful to formulate the optimizing problem in the other way -how to minimize the cost of the network, when the acceptable quality level is known. Then in the paper the problem of server's allocation, capacity and flow assignment with the cost criterion and delay constraint is considered. In our opinion it is well-founded to consider two kind of cost: the building cost of the network, borne once and the supporting cost, borne regularly. Then the criterion function is composed of two ingredients: the regular channel capacity leasing cost and the disposable server cost. We assume that maximal acceptable total average delay in the network is given as the constraint. Then the problem considered here may be formulated as follows:
given:
user allocation at nodes, set of possible nodes for each server, maximal value of the total average delay in the network, traffic requirements useruser and user-server, set of capacities and their costs for each channel, minimize: linear combination of the capacity leasing cost and server cost, over:
servers allocation, channel's capacity and multicommodity flow, subject to: multicommodity flow constraints, channel capacities constraints, server allocation constraints, total average delay constraint.
We consider the discrete cost-capacity function because it is the most important from practical point of view for the reason that the channels capacities can be chosen from the sequence defined by ITU-T recommendations. Such formulated problem is NP-complete as more general than the capacity and flow assignment problem (CFA) with discrete cost-capacity function which is NP-complete [5] .
The literature focusing on the server's allocation, capacity and flow assignment problem is very limited. Some algorithms for this problem with different delay criterion may be found in [2, 3, 4, 6] . The formulated here problem uses cost criterion and take into account the maximal acceptable average delay in Wide Area Network as constraint. In the literature such formulated problem has not been considered yet.
Problem Formulation
Let X r be the set of binary variables determining capacities of channels and Y r be the set of binary variables determining servers allocation at nodes [3, 4] . (X r ,Y r ) is called a selection. Let ℜ be the family of all selections satisfying assumed constraint. Let U(Y r ) be the server cost (the connecting cost of all servers at nodes) and T(X r ,Y r ) be the minimal average delay per packet in WAN given by the Kleinrock's formula [7] . Let max T be the maximal acceptable average delay per packet.
Let Q(X r ,Y r )=αD(X r )+βU(Y r ), where α and β are positive coefficients α, β ∈[0, 1], α + β =1. Then, the considered problem is formulated as follows:
The Branch and Bound Algorithm
The problem (1-3) is NP-complete. Then the branch and bound method can be used to construct the exact algorithm for solving the considered problem. The detailed description of the calculation scheme of the branch and bound method may be found in the paper [8] . The branch and bound method involves constructing two important operations specific for the problem (1-3): lower bound and branching rules. The lower bound of the criterion function for every possible successor (X s ,Y s ) generated from (X r ,Y r ) must be computed. Since traffic requirements in the network depend on server allocation, then obtaining the lower bound for the problem (1-3) is difficult. We propose, the lower bound may be obtained by relaxing some constraints and by approximating the discrete cost-capacity curves with the lower linear envelope [5] .
The purposes of the branching rules is to find the variable from (X r ,Y r ) for complementing and generating a successor of the selection (X r ,Y r ) with the least possible value of criterion function Q. The choice criterions should be constructed in such a way that complementing reduces value of criterion Q and the increase of total average delay in the network is as minimal as possible [3, 4] .
Computational Results
The presented algorithm was implemented in C++ code and extensive numerical experiments, for many different networks, have been performed. Experiments were conducted with two main purpose in mind: first, to examine the impact of various problem parameters on the solution (i.e. on the value of criterion Q) and second, to test the computational efficiency of the algorithm.
The typical dependence of the optimal value of Q on max T for different values of parameters α and β is presented in the Fig. 1 . It follows from computational experiments that the dependence of Q on max T is decreasing function. The following conclusion follows from the computer experiments (Fig.1) . 
Conclusion
In the paper the exact algorithm for solving the server allocation, channel capacities and flow assignments problem with cost criterion and delay constraint is proposed. Such formulated problem has not been considered in the literature yet. It follows from computational experiments that the presented algorithm is effective from computational point of view for greater values of acceptable average delay in the network (Fig. 2) . Moreover, we are of the opinion that the Wide Area Network property formulated as conclusion 1 is very important from practical point of view. This property shows that the values of the acceptable average delay are limited. 
